INTRODUCTION
Fluorocarbon chains are characterized with regard to their hydrophobic and lipophobic nature. Thus fluorocarbon surfactants exhibit only limited micellar miscibility with hydrocarbon surfactants in aqueous solutions. Kunitake et al. have shown that this miscibility can be controlled by using hybrid dialkylammonium surfactants 1, 2 . Gemini surfactants have attracted interest in recent years, and have been investigated thoroughly because of their unique properties, which are different from those of conventional single-chain surfactants 3, 4 . Oda et al. reported the slow exchange of surfactant molecules between the aqueous bulk and micellar phases with respect to fluorocarbon and hybrid gemini surfactants 5 .
Disulfide bonds are well known to undergo the thiol disulfide exchange reaction 6 . Regen et al. developed the so-called nearest-neighbor recognition method using disulfide linked phospholipids, homodimers A-A and B-B 7, 8 .
They indicated that the equilibrium constant K A-B 2 /
A-A B-B 4 when A and B form an ideal mixture. A homodimer A-A to heterodimer A-B ratio of 1:2 is attained owing to disulfide exchange if the dimers are randomly distributed and have no thermodynamic preference. In other words, if equimolar amounts of A-A and B-B were present, the molar ratio of A-A to A-B would be 1:2, and the equilibrium constant would be equal to 4. We should note that the measurements were carried out by promoting thiolate-disulfide interchange reactions through the addi-tion of dithiothreitol. The exchange reaction between disulfide bonds has scarcely been reported because of the stability of the disulfide bond. Recently, Leclaire et al. reported simultaneous exchange between disulfide bonds in aerated aqueous solutions 9 . HPLC analysis demonstrated that the equilibrium of the disulfide exchange was reached in 36 h. We have also reported that the disulfide exchange between hydrocarbon gemini surfactants generated dissymmetric gemini surfactants without the addition of dithiothreitol in aerated aqueous solutions at 25 10 .
In the present work, fluorocarbon and hydrocarbon gemini surfactants with different alkyl chain lengths were synthesized. The gemini surfactants contained a disulfide bond at the center of the spacer chains between the ammonium headgroups. The critical micelle concentration cmc was determined by conductivity and SPQ fluorescence measurements. The degree of micellar ionization was also estimated by these measurements. The generated hybrid gemini surfactant was detected by HPLC analysis after mixing of the fluorocarbon and hydrocarbon gemini surfactants in aqueous solutions. The concentrations of gemini surfactants were determined by HPLC analysis, and the effects of the alkyl chain lengths and salt concentration were examined for gemini surfactant mixtures in aqueous solutions at 25 .
Abstract: Hybrid surfactants were generated through the simple mixing of fluorocarbon and hydrocarbon gemini surfactants in aqueous solutions at 25℃. Disulfide exchange between the disulfide in the spacer chain occurred in the mixed micelles. However, the generation of hybrid gemini surfactants was particularly inhibited by the addition of salt. The suppression of the electrostatic repulsion between the hydrophilic headgroups led to the close packing of the hydrophobic chains in the micelles, resulting in the increased immiscibility of the fluorocarbon and hydrocarbon surfactants. On the other hand, when fluorocarbonfluorocarbon or hydrocarbon-hydrocarbon surfactants were mixed, equilibrium with a 1:2 ratio of symmetric and dissymmetric gemini surfactants was attained after incubation for 24 h.
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EXPERIMENTAL

Materials
Fluorocarbon gemini surfactants were prepared using a similar procedures to those reported previously 11 . Bis 2- 
Measurements
Conductivity measurements were performed on the aqueous surfactant solutions using a conductivity meter, Model DS-12 HORIBA . Aqueous solutions of 1.0 10 6 M 6-methoxy-N-3-sulfopropyl quinolinium SPQ were prepared using doubly distilled water. The fluorescence intensities of the surfactant solutions were measured at 440 nm under excitation at 345 nm using a Hitachi F-2000 spectrometer. The fluorescence intensity in the absence of quencher was used as a standard. All of the critical micelle concentrations were determined at 25 . HPLC analysis of the surfactants was performed using a TSKgel ODS-100 V TOSOH Co. column with methanol/20 mM sodium 1-octanesulfonate 90:10 mixtures as eluting solutions. The elution of the surfactant was detected using electrical conductivity measurements.
RESULTS AND DISCUSSION
3.1 Critical micelle concentrations of Fluorocarbon and Hydrocarbon Gemini Surfactants We have shown that the fluorescence quenching behavior of SPQ can been used in the measurement of the concentration of halide dissociated from surfactants 12 . The cmc and degree of micellar ionization α were obtained from Stern-Volmer plots of the quenching data. Figure 1 shows the SPQ fluorescence quenching by chloride dissociated from 2F 6 C 3 SS, 2C 12 SS, and 2C 10 SS in aqueous solutions. The slopes below the cmc are in fair agreement with those of gemini surfactants having chloride counterions. The marked breakpoint corresponds to the cmc of the surfactant. The ratio of the slopes of the plot above and below the cmc can be used as a measure of the degree of micellar ionization. Conductivity measurements were also performed to determine the cmc, because the sensitivity of SPQ fluorescence quenching was not sufficient to determine the rather low cmc values of 2F 8 C 3 SS and 2C 16 SS. The ratio of the slopes of plots of conductivity versus concentration above and below the cmc S 2 /S 1 has been used as a measure of the degree of micellar ionization 13 . The cmc and α values are summarized in Table 1 . The cmc and α values determined by the SPQ fluorescence method are in fair agreement with those obtained by the conductivity method. The cmc of 2F 6 C 3 SS was similar to that of 2C 12 SS. That is, the hydrophobicity of six CF 2 groups corresponds to nine CH 2 groups, coinciding with the fact that the volume of the fluorocarbon chain is about 1.5 times that of the hydrocarbon chain 5 .
Generation of Hybrid Gemini Surfactant
We have reported that the 2C 10 SS-2C 12 SS aqueous mixture generated C 10 SSC 12 during incubation at 25 10 .
The dissymmetric gemini surfactant C 10 SSC 12 was detected between the peaks of 2C 10 SS and 2C 12 SS in the HPLC chromatogram. Figure 2 shows that a new peak appears in the HPLC chromatogram of the 2F 8 C 3 SS-2C 16 SS aqueous solution during incubation. The elution peaks of 2F 8 C 3 SS and 2C 16 SS were observed at 5 and 24 min, respectively, while the new peak was detected at 10 min. The new peak corresponds to the hybrid gemini surfactant, F 8 C 3 SSC 16 , generated by disulfide exchange between 2F 8 C 3 SS and 2C 16 SS. The concentrations of the surfactants became almost constant after incubation for 120 min.
The equilibrium concentrations after 24 h for equimolar 2ASS-2BSS mixtures are summarized in Table 2 . The concentrations of the generated hybrid gemini surfactants were considerably lower than those of the dissymmetric gemini surfactants generated for fluorocarbon-fluorocarbon and hydrocarbon-hydrocarbon surfactant mixed systems. We have demonstrated that disulfide exchange occurs in the mixed micelles, and that the concentrations of the generated dissymmetric gemini surfactants depend on the micellized concentrations and micellar composition 10 . The concentrations of the generated dissymmetric gemini surfactants ASSB reached a maximum of about 5 mM for the 2F 8 C 3 SS-2F 6 C 3 SS and 2C 16 SS-2C 12 SS mixtures owing to their favorable micellar miscibility compared with the 2F 8 C 3 SS-2C 12 SS mixture. The micellar immiscibility for the 2F 8 C 3 SS-2C 12 SS mixture resulted in the depression of hybrid gemini surfactant F 8 C 3 SSC 12 generation. The increase in hydrocarbon chain length for the 2F 8 C 3 SS-2C 16 SS mixture resulted in further depression of the generation of the hybrid gemini surfactant F 8 C 3 SSC 16 owing to the enhanced micellar immiscibility. In addition, the decrease in hydrocarbon chain length for the 2F 8 C 3 SS-2C 10 SS mixture also resulted in the depression of the generation of the hybrid gemini surfactant F 8 C 3 SSC 10 owing to the decrease in the micellized concentrations, i.e., surfactant concentration by subtracting monomer concentration. A similar tendency was observed for the 2F 6 C 3 SS-2C n SS mixtures. The effect of the micellized concentrations was also observed for the 2C 10 SS-2C 12 SS mixture. The addition of sufficient NaCl to the 2C 10 SS-2C 12 SS mixture resulted in a maximum concentration of about 5 mM for the generated dissymmetric gemini surfactants owing to the increase in the micellized concentrations. On the other hand, a significant depression of the generation of the hybrid gemini surfactants was observed upon the addition of NaCl as shown in Table 3 . The concentrations of the generated hybrid gemini 16 SS mixture in the presence of 100 mM NaCl, the hybrid gemini surfactants were scarcely generated after incubation for 24 h. The suppression of electrostatic repulsion between the hydrophilic headgroups leads to the close packing of the hydrophobic chains in the micelles, resulting in the increased immiscibility of the fluorocarbon and hydrocarbon surfactants 14, 15 .
Thus, the generation of hybrid gemini surfactants in micelles is inhibited significantly by the addition of salt.
CONCLUSION
We have demonstrated the generation of hybrid gemini surfactants through the mixing of fluorocarbon and hydrocarbon gemini surfactants with a disulfide spacer chain. The generation of hybrid gemini surfactants was influenced significantly by the micellar miscibility and micellized concentrations, suggesting the occurrence of disulfide exchange in the mixed micelles. The generation of hybrid surfactants was particularly inhibited by the addition of salt. The suppression of the electrostatic repulsion between the hydrophilic headgroups leads to the close packing of the hydrophobic chains in the micelles, resulting in the enhanced immiscibility of the fluorocarbon and hydrocarbon surfactants. 
